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INTRODUCTION
All types of drought originate from a deficiency of precipitation (Wilhite and Glantz, 1985) . Meteorological drought is defined as extended period of time with significant precipitation deficit. Agricultural drought is defined more commonly by the availability of soil water to support crop and forage growth than by departure of normal precipitation over some specific period of time (Wilhite, 2007) . It can also be determined by a period of reduced plant growth with a prolonged and abnormal soil water deficiency. Many attempts were made to create agricultural drought index, some of the 'rainfall indices' can be related, for example, to soil and crop type, crop status and climatological parameters such as air temperatures, air humidity and wind (Maracchi, 2002) . A soil water deficit within the rooting zone can result in crop water stress, depending on the crop status and climatological factors affecting evapotranspiration.
Drought indicators and triggers are important for several reasons: to detect and monitor drought conditions; to determine the timing and level of drought responses; and to characterize and compare drought events.
However, agricultural drought depends on soil moisture and evapotranspiration deficits. For this reason, water balance model IRRFIB was developed, which computes the main components of water balance aiming to quantify drought stress of crop canopy. On a daily basis it evaluates soil moisture content. It also computes seasonal and annual integrated drought stress by the ratio of actual to potential transpiration.
A simulation study of the soil moisture content under a maize field was carried out. The approach of analysing the effect of drought on crop using dynamic crop models has the advantage to include all relevant drought impact factors of the soil-crop-atmosphere system over short time periods. This is of special interest when answering the questions whether agrometeorological model IRRFIB is sufficient to simulate the water balance and the occurrence of drought on local scale.
Beside assessment of drought conditions on local scale (which can be extremely variable due to local conditions) there is a need to estimate situation on larger scale. One of possible (and frequently applied) procedures is application of point measurements and geostatistical techniques for spatial interpolation (such as kriging; see for example Pardo-Iguzquiza, 1998 ). There are other possibilities; numerical weather prediction (NWP) models (that are routinely used for weather forecast) are potentially useful tool for drought monitoring. Under term NWP model we usually understand mathematical set of equations describing motion of air and other events that take place in the atmosphere. Modern NWP models are constructed around the full set of primitive equations which govern atmospheric motions and are formulated in discrete numerical form; some processes are not fully resolved and are rather presented by parameterization, such as turbulent diffusion, radiation, moist processes, heat exchange, soil, vegetation, surface water, convection etc. NWP models simulate values in regular grid mesh; error is expected to be spread over whole computing domain and doesn't strongly depend on distance from nearest observation as in the case of statistical interpolation. For larger areas with various density of observation NWP models seem to be useful tool for drought detection despite their known deficiencies (see for example Ebert and McBride, 2000) .
MATERIALS AND METHODS

Site descriptions
The experimental fields were located in the southeastern Slovenia. Murska Sobota is located on flat area, at 46° 39' latitude, 16° 11' longitude, and at an elevation 188 m a.s.l. Platform for meteorological measurements is located within agricultural research area. Meteorological observations were recorded in the frame of national meteorological network. Climate is characterized by cool, wet winter and warm, dry summers, with an average annual precipitation of 805 mm (Figure 1 ). Around 60 % of the precipitation occurs between April and September. Mean annual air temperature is 10.2 °C, with the mean monthly maximum of 37.8 °C occurring in August. Precipitation during the recent vegetation periods was less than 60 % of the long-term average, primarily due to seasonal shift to more dry vegetation periods. Average annual potential evapotranspiration is around 700 mm, around 80 % occurring during the vegetation period.
Climate data
The following meteorological parameters were used in the study: minimum air temperature, maximum air temperature, relative air humidity, cloudiness or duration of irradiation, wind speed and precipitation. Daily meteorological data for the period 1971-2009 were obtained from the database of the Slovenian Meteorological Office (EARS, 2009). 
Crop data
Drought impact reports
The drought impacts on crops were obtained from Agrometeorological reports of Meteorological Office of the Republic of Slovenia as timely information on the severity and spatial extent of drought and its associated impacts (EARS, 2009a) . Improved information on drought impacts helped to identify the type of impacts and where they were occurring.
Soil data
Soil water characteristics and hydraulic conductivity functions have been described through field capacity (Fc) and wilting point (Wp) through experimental data. Soil water holding capacity (SWC) is around 100 mm. For soil water measurement Time-Domain Reflectometry (TDR) technology was used; probes are mounted in 10, 20 and 30 cm depths at both meteorological stations. TDR device (Trime) for continuous and non-destructive determination of volumetric soil moisture consists of electronic sensor which measures dielectric constant of the material and recalculates it to the soil moisture content. Data are available in 10 minute intervals. 
Model IRRFIB description
IRRFIB simulates the water balance in the crop-soil-system on the daily basis. The model calculates evapotranspiration (ET) using the Penman-Monteith equation (FAO, 1998) for different crop covers considering the relevant processes of heat, water and vapour transport in the soil-crop-atmosphere interface (Table 1) . Crop coefficients and rooting depths are linearly interpolated during each phenological phase and are used for calculating actual evapotranspiration and soil water reservoir, respectively. (Sušnik, 2006) . Tabela 1: Vhodni in izhodni parametri modela IRRFIB (Sušnik, 2006) . Crop water simulation model IRRFIB was tested for a variety of crops and applications . Model results were validated against water content measurements using a TDR sensor in 2004 at the measurement site of meteorological station in Ljubljana. Strong correlations were obtained during the testing period (r 2 = 0.94) (Sušnik, 2006) . Model performance was also tested for a test site in Braunschweig Germany (Sušnik, 2005) . Recent study with model SIMPLE showed good degree of concomitance with IRRFIB model (r 
In our study only daily water deficits with values less than threshold B were used.
The water balance on day i, is defined as
Number of days with CWD was summarized over vegetation period. 
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RESULTS
Model IRRFIB verification
Comparison of modelled grass water balance with measurements was made for three years (2006) (2007) (2008) in Murska Sobota. Values of AE, RMSE and CRM are indicating little deviation between measured and simulated values when they are near zero. On the other hand, the optimum value for EF is 1, representing a good modelling efficiency (Elmaloglou and Malamos, 2000) . CRM is negative, where IRRFIB obviously overestimates soil water content. Correlation r with measurements is significant ( Table 2 ).
Relatively small overall differences imply that IRRFIB can be a useful tool in simulating soil water balance ( Figure 2 ). Results revealed best agreement between cumulative water deficit and SPI on the time scale of two months (SPI2). SPI2 was calculated for every day of vegetation season and compared with soil water balance for the reference crop. Daily values of soil water balance were calculated as a difference between precipitation and evapotranspiration cumulative for a period of two months. When the soil moisture deficit increased as a consequence of higher evapotranspiration rates, SPI2 wasn't capable to identify drought situations. This can be seen at the end of July, with a period of high water deficit, whereas SPI2 remained positive. Same situation occurred after an extreme precipitation event at the 4 th of August, which was followed by the period of very hot weather with an occurrence of a heat wave. Thus, SPI solely couldn't explain the water balance dynamics in the root zone during periods, when soil moisture couldn't meet the plant needs.
Relationship between yield and different drought
indicators Crop yield at the harvest is a good indicator of climate, soil and management practices during the vegetation season. (Table 3 ). The correlation coefficients (r) between the crop water deficit and yield are significant indicating that higher crop water deficit lead to yield decrease (Figure 4 ). Proxy data (drought impact reports) were also used for comparison due to the fact that long-term data on yield are unfortunately not available for Slovenia. The results showed that crop water deficit represents a good indicator when linking it with drought reports. Based on our understanding soil moisture can significantly affect the yield, but other factors like diseases and pests can trigger the decrease of yield as well (for example year 2005).
A comparison was also made between maize yield and SPI on different time scales.
In order to make a direct comparison with SPI, yield data were standardized for a period between 1983 and 2008. Best agreement was found between maize yield and SPI on the time scale of six months for September ( Figure 5 ), which is in the time frame of maize growing season. There were significant differences in years with high temperature variability during growing season ( Figure 6 ). Year 2006 shows highest disagreement; in that case the vegetation period was characterized by above normal precipitation (SPI value of 1.5), but the yield was below average. Lower yield was the consequence of high temperatures and low precipitation amounts during June and July. This is the period when maize is approaching tasseling and shows high degree of vulnerability to high temperatures and water deficiencies (Čergan et al., 2008) . Large evapotranspiration rates during this period have limited potential development rate, which affected grain filling later in the season and consequently lowered the final yield. 1983 1985 1987 1989 1991 1993 1995 1997 1999 1983 1984 1981 1973 1972 1975 1993 1988 1985 1982 1980 2000 1986 1989 2001 1987 1997 1990 2005 1991 1994 1998 1999 2002 2004 2006 2007 2008 The data have been checked with the reported drought impacts over a specified period of time. Drought impacts on cereals were confirmed in all extremely dry, very dry and dry vegetation seasons (HMZ / EARS, 1983 -2003 . The seasonal water deficit up to 240 mm was recorded in dry seasons (Table 4) 3.5 NWP simulations as a tool for drought monitoring Potential evapotranspiration and precipitation are among NWP simulated variables that are relevant for assessing drought conditions. It is known that numerical simulation of precipitation amount is among least reliable NWP output. This was confirmed by application of NMM numerical meteorological model on domain situated over SE Europe with approximately 8 km horizontal resolution; R 2 for 60-day precipitation accumulation of simulations, nested into ERA-Interim reanalyses (Simmons et. al., 2007) for stations in Slovenia haven't exceeded value 0.8 (in some cases it remained below 0.5), while in case of accumulation of evapotranspiration R 2 exceeded value 0.9 for all stations that were taken into account (Roškar and Gregorič, 2010) . Overall performance of NWP model for drought monitoring is therefore promising; the question remains whether it is appropriate for drought impact assessment in local scale. [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Cumulative water balance between May and September was found to be closest parameter derived from NWP simulations using normal post-processing techniques to measurement-based CWD for maize. However, adjusted value of R 2 was only 0.29. Similar as in the case of SPI index, basic post-processing of NWP simulations could not explain significant part of interannual variability of drought stress estimated through CWD. This fact is presented also in Table 5 which contains measurement based CWD and NWP in percentile classes as in Table 4 .
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Only 5 percentile classes were used in this case (two most extreme classes on both sides were joined into single extreme wet or extreme dry class). In 7 years (out of total 16) the percentile classes don't match. In 5 out of 7 cases there is "dry bias" of NWP derived water balance (in 1990, 2005 and 2006 "normal" opposed to "wet"; in 2007 "dry" opposed to "normal" and in 2000 "extremely dry" opposed to "dry"). In two cases (1991, 1999 ) "wet bias" was observed ("normal" opposed to "wet").
DISCUSSION AND CONCLUSIONS
The following conclusions can be reached on the basis of above comparison and analysis:
(1) Water balance model IRRFIB simulations are of good quality. The relative difference of calibration results between IRRFIB and measurements is small (r = 0.8). In addition, model detection of crop water deficit, its drought stress and impact on yield is less consistent. In other words, CWD possess very micro-location capability. respectively. From the scatter points distribution of CWD dry years are confirmed with reported drought impacts. This is a clear demonstration of drought information for local scale and specific crop. (3) Best agreement was found between maize yield and SPI on the time scale of six months for September, which is in the time frame of maize growing season. There were significant differences in years with high temperature variability during growing season. The SPI can be used to monitor conditions on a variety of time scales and is to be useful in both short-term agricultural and long-term applications. (4) Comparison of NWP derived accumulated water balance to measurement based CWD indicates correlation to be rather poor (R-squared reaches values around 0.3 for various periods of accumulation). Although it is statistically significant at 0.01 level it is not possible to use NWP output directly to estimate drought impacts on crops. However, due to capability of NWP models to simulate temperature and evapotranspiration anomalies (and less successfully precipitation), there is potential to develop drought monitoring tools for regional scale.
(5) The integration of existing drought monitoring tools is essential for improving local and regional drought monitoring. A proactive approach emphasizing integration requires the collective use of multiple tools, which can be used to detect trends in crop water availability and provide early indicators at local, national, and regional scales on the likely occurrence of drought.
